Background: Arterial grafts have been used frequently in recent coronary artery bypass grafting (CABG). Off-pump CABG can facilitate early patient recovery. A combination of in situ graft and off-pump technique results in complete aortic nontouch surgery; however, outcome has not been well established.
I N T R O D U C T I O N
To avoid remote cardiac events associated with graft occlusions, which are known to occur more frequently in patients who undergo bypass with saphenous vein grafts [Reardon 1997 ], the use of arterial conduits has been increasing in recent coronary artery bypass grafting (CABG) [Reardon 1997 , Barner 1998 ]. The internal mammary arteries (IMAs) are the most frequently used, and their patency rates have been reported to be 90% or higher even 10 years after surgery [Reardon 1997 , Barner 1998 ]. Bilateral IMAs (BIMA) have been reported to provide better event-free rates than a single IMA in selected patients [Lytle 1999 ]. The gastroepiploic artery (GEA) has been found to have an acceptable long-term patency rate [Hirose 2002c ]. One of the advantages of GEA compared with other arterial conduits, such as radial artery, is that the GEA can be used as an in situ graft. Off-pump CABG is known to facilitate early patient recovery [Hirose 2002b ], and recent developments in instruments have made complete off-pump revascularization feasible [Hirose 2002a] . A combination of in situ grafts and off-pump technique allows complete aortic nontouch surgery. We report our experience and the outcome of off-pump CABG using only in situ arterial grafts for complete coronary revascularization.
M E T H O D S
Between May 1998 and December 2001, 1035 consecutive patients underwent isolated CABG at Juntendo-Shin-Tokyo Hospital Cardiovascular Group (Shin-Tokyo Hospital and Kobari General Hospital). Of these, 691 (66.8%) of the patients underwent off-pump CABG; 48 of these patients underwent total in situ arterial bypass with BIMA and GEA.
Patients with uncontrolled diabetes and patients with severe osteoporosis, who were considered to be at high risk of sternal complications, were not candidates for BIMA harvesting. The contraindications to GEA harvesting were a history of upper abdominal surgery or active peptic ulcer or the presence of a gastroduodenal mass. In the early study period, between 1998 and 1999, IMA harvesting was performed in a pedicle; however, the procedure was switched to skeletonized harvesting after January 2000, as described elsewhere [Higami 2000 ]. The GEA was harvested as a thin pedicle (Figure) . Skeletonization was facilitated by an ultrasonic scalpel (Harmonic Scalpel; Ethicon Endo-Surgery, Cincinnati, OH, USA). Off-pump CABG using BIMA and GEA grafts was not performed in emergency cases owing to the relatively long graft harvesting time. The indications for off-pump in situ grafting using BIMA and GEA were individualized, although relatively young patients without previous contraindications and patients at high risk of stroke were preferably selected for this procedure.
Perioperative and follow-up data were prospectively entered into a structured database, and perioperative data were extracted from it. Outpatient follow-up information was collected by direct patient contact, by responses to mailed questionnaires, or by contact with private cardiologists. Any cardiac events after hospital discharge, including myocardial infarction, angina, arrhythmia requiring hospitalization, congestive heart failure requiring hospitalization, native coronary artery or graft stenosis requiring any type of coronary intervention, and sudden death were counted as cardiac events. These follow-up data were compiled up to December 31, 2002. The end points were patient death or the occurrence of one of the above cardiac events.
For quality control, early angiography within 3 months of surgery was strongly recommended for all patients. Remote angiography was recommended for all patients if symptoms of angina developed. The quality of anastomosis was graded according to FitzGibbon's classification [FitzGibbon 1996] . Grafts were considered to be patent at grade A or B. Perfect anastomotic patency was counted only grade A anastomoses.
Results were expressed as mean ± standard deviation. Statistical analysis was performed using Student t test or MannWhitney U test as appropriate for continuous variables or by chi-square test (Fisher exact tests if n < 5) for categorical variables. A P value less than .05 was considered significant. All statistical analyses were performed using JMP version 5.0 (SAS Institute, Cary, NC, USA).
R E S U LT S

Patient Demographics
The study patients were 48 patients (41 men and 7 women; mean age, 64.5 ± 9.9 years). The demographic details of the patients are given in Table 1 . A history of cerebral vascular accident was noted in 11 (22.9%) of the patients and calcified ascending aorta in 13 (27.1%) of the patients. The average Euro score was 3.6 ± 2.0.
Operative Results
The operative data are shown in Table 2 . The mean number of distal anastomoses was 3.4 ± 0.7. The LAD was always revascularized with one of the IMAs. The other IMA was used for bypass to the circumflex artery. The common combinations of IMA bypass targets were as follows: left IMA (LIMA)-LAD and right IMA (RIMA)-circumflex artery or LIMA-circumflex artery and RIMA-LAD. In addition to these, the diagonal artery and/or obtuse marginal artery was bypassed in a sequential manner if necessary. The distal right coronary artery always was revascularized with the GEA. The GEA also was used for bypass to the circumflex artery.
In-Hospital Results
The postoperative course is displayed in Table 2 . There were no hospital deaths. Postoperative complications included postoperative myocardial infarction in 1 patient, congestive heart failure in 1 patient, stroke in 2 patients, and mediastinitis in 1 patient. The 1 case of perioperative myocardial infarction was related to vasospasm of the native coronary artery, whereas all in situ grafts were patent, as confirmed by angiography.
Remote Results
Follow-up was completed for all patients. The mean followup period was 2.3 ± 1.0 years. During the follow-up period, no
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Angiographic Study
Control angiography before discharge or within 3 months of surgery was performed on 30 (62.3%) of the patients. No graft occlusions were found. There were 3 distal anastomotic stenoses (grade B anastomoses): in the LIMA in 1 patient, the RIMA in 1 patient, and the GEA in 1 patient. The perfect anastomosis patency rate was 97.3% (36/37) in LIMA grafts, 97.2% (35/36) in RIMA grafts, and 96.9% (31/32) in GEA grafts.
D I S C U S S I O N
BIMA grafting has been used relatively frequently in our practice, because of its superior long-term results compared with single IMA grafting [Schmidt 1997 , Lytle 1999 . The patency rates of in situ LIMA and in situ RIMA are similar, and their graft patency rates are reported to be better than 90% at 10 years [Reardon 1997 , Barner 1998 ]. The graft patency rate of the GEA is reported to be inferior to that of the IMA. The reported 5-year patency rate for the GEA is 84% [Suma 2000 ]. However, GEA has all the characteristics of arterial grafts, such as endothelial function, smooth muscle receptors, and low incidence of atherosclerosis [He 1995] . One of the advantages of IMA and GEA compared with saphenous vein or radial artery is its availability for use as an in situ graft. In a study of IMA grafting, in situ grafting has found to have a better long-term patency rate than free grafting [Verhelst 1996 ]. The inferior graft patency of free grafts has been explained by denervation and graft size mismatch at the proximal anastomosis [Verhelst 1996] . Flow regulation of the GEA has been well observed. Graft narrowing or occlusion can occur if the native coronary artery has high flow. Graft recanalization also can occur if the native coronary artery stenosis progresses [Hirose 2002c ]. Our early angiographic patency rates with in situ IMA and GEA were excellent. No patients developed angina or needed coronary intervention during the follow-up period. This excellent angina-free rate reflects the good graft patency rates.
Skeletonized harvesting of the IMA has been known to preserve the local circulation and to reduce the incidence of sternal wound complications [Higami 2000] . Skeletonized IMA provides extra length and delivers higher graft flow compared with pedicled grafts [Choi 1996 ]. Skeletonized LIMA always has enough length to reach the posterolateral branch of the circumflex artery, and skeletonized RIMA easily reaches the LAD and often the circumflex artery. We use an ultrasonic scalpel for skeletonization to facilitate dissection and hemostasis. Skeletonization-related complications did not occur in our series. Skeletonization of the GEA is more challenging than that of the IMA because of the muscular arterial characteristics of the GEA, especially frequent occurrence of vasospasm. However, successful skeletonization of a GEA graft recently was reported [Asai 2002] , and this technique has been under evaluation at our institution.
Use of off-pump surgery and in situ grafts allowed us to avoid aortic manipulation completely. Avoidance of aortic manipulation has decreased the incidence of postoperative stroke [Grega 2003 ], and fewer neurological events after offpump CABG have been reported than with on-pump CABG , Zamvar 2002 . Furthermore, multivessel offpump CABG has been associated with a decrease in early mortality [Cleveland 2001 , Magee 2002 . Theoretically, offpump CABG using in situ grafts minimizes the risk of postoperative neurological events and mortality, and optimizes patient recovery. In our series, 2 patients developed postoperative stroke related to postoperative atrial fibrillation. Postoperative atrial fibrillation occurred in 12 (25.0%) of the patients in our series. To minimize the risk of postoperative stroke, we started using low molecular weight heparin or warfarin in patients who had more than 2 episodes of recurrent atrial fibrillation. Because most patients prefer to undergo angiography prior to discharge rather than come back to the hospital for postoperative angiography, the postoperative stay in our study was relatively long.
The number of patients undergoing off-pump BIMA and GEA grafting is growing, supported by current results. In the early period of the study, between May 1998 and December 1999, only 9 patients (5.7 patients 
S U M M A RY
Off-pump arterial bypass using in situ BIMA and GEA has provided good short-term and midterm outcomes. The excellent graft patency rates of these in situ conduits has most likely contributed to excellent relief from cardiac events.
